MY subject-matter to-day is not, as on previous occasions, the general question of the treatment of infected wounds. It is a much narrower issue. I would propose to consider with you the conditions which respectively promote and inhibit the growth of the "gas gangrene" bacillus of Welch, but here also I shall have in view a purely practical end. The investigation of the conditions which favour or hinder the growth. of the organism here in view has, as I see it, only one possible object. That is to conduct sooner or later to the saving of life and limb.
this-that we can place unrestricted confidence in inferences based upon laboratory experiments. For in laboratory experiments we make for ourselves artificially simplified conditions; and confine our attention to a very limited number of factors. By virtue of this we are liable to make erroneous generalizations, concluding that what holds true under the conditions obtaining in the laboratory experiment will hold true universally. Presumptions of that kind can be avoided only by continually extending and critically revising our laboratory experiments and organizing inquiries to find out whether our doctrines really give good results in practice.
And it is specially necessary to-take these precautions when therapeutic procedures are based upon laboratory data. For quite a large proportion of such therapeutic procedures rest either upon generalizations which do not apply outside the conditions. which are obtained in the experiments, or else upon generalizations which emphasize the the thing that is unimportant to the prejudice of the thing that is important. I have in my mind, for example: the doctrine that antiseptics will sterilize an infected wound; and, in connexion with my present subject-matter, the doctrine that the growth of the gas gangrene bacillus pivots upon the presence or absence of oxygen.
It will provide me with a convenient point of departure if I invite you to consider what is the experimental basis of this doctrine.
(I) CONDITIONS WHICH GOVERN THE GROWTH OF THE BACILLUS OF WELCH IN ARTIFICIAL MEDIA.
To all of us practically the most important scientific datum ascertained with regard to the bacillus of Welch is that it will not grow in the presence of air. And this datum, firmly believed, has dominated all surgical thinking in the domain of gas gangrene. It has led to the employment of oxygen or peroxide of hydrogen injected into the tissues as a sovereign remedy against the progress of gangrene. And it has suggested that the advantage of thoroughly opening up a .wound infected by anaerobes is, in the main, advantage derived from letting in the air.
But the thesis upon which all this rests-the thesis that the bacillus of Welch cannot grow and multiply in a presence of air-is as a matter of fact erroneous. It was discovered by Tarozzi that when pieces of animal tissue were added to bouillon, cultures of anaerobes could be obtained in open tubes. Ori and Wrzosek, following up this work, showed that the same result could be obtained with pieces of either raw or autoclaved potato, and also with other vegetable tissues. Nor are these, as might be supposed from the fact that we have continued to think along the old lines, very recent discoveries; nor, again, do the aerobic cultures of anaerobes here in question yield only meagre growth. Quite the contrary. The work of Ori and Wrzosek dates back already some ten years. And in reality the cultures of the bacillus of Welch grown in the open in bouillon containing a piece of potato, are characterized by very rapid and vigorous growth, with gas production. So vigorous in point of fact is the growth of the bacillus of Welch in the open potato bouillon tube, that this method furnishes, it would seem, the best method for isolating the microbe from specimens of pus in those cases where the organism is present in only very small numbers.
. 7 There are displayed before you here a series of open culture tubes implanted with the bacillus of Welch, all showing by their turbidity and by foaming how vigorous is the growth. And, in, order that the erroneous mental ima,ges which the appellation " anaerobes " nurtures in the mind may be obliterated, I have ranged up before you here also cultures in open of a variety of other anaerobes. And let me say that so far we have not obtained any anaerobe from a wound which cannot by proper devices be made to grow freely in open tubes.
You can see that it follows from this, that we cannot possibly promise ourselves that if we introduce oxygen into the tissues, or admit, air to the interior of the wound cavity, we shall thereby inevitably arrest a gangrene bacillus infection. Or, putting the conclusion in more general form, we see that the therapeutic principle of combating anaerobes by combating anaerobic conditions cannot be regarded in any sense as an adequate therapeutic principle.
Let us be careful to read the lesson of these tubes aright. All that they teach is that anaerobic microbes can be got to grow with astonishing freedom in culture tubes fully open to the air. But it is not thereby established that the presence of oxygen is either indifferent or congenial to anaerobic microbes. And, in point of fact, it has been suggested, and the view is a priori tenable, that the potato may provide some reducing agent which, by holding off the oxygen of the air at the outset, enables the microbes to get a start, the subsequent growth being due to anaerobic growth in a medium deprived of air by -the generation of gas in the culture. This hypothesis seems to win support from the fact that the potato bouillon gives much less vigorous cultures when stale than when freshly prepared. And, again, the traditional view that oxygen is inimical, or at least uncongenial, to the growth of the class of microbes denoted " anaerobes " does not entirely lack support. When after implanting I empty out the major part of the contents of a potato bouillon tube, reserving only a few cubic centimetres, and then lay the tube on its side in the incubator, I get only a very meagre culture. The same holds true when I draw a continuous stream of air bubbles through the culture, and again in the case when cultivating in a capillary tube, I break up my column of fluid by intercalating a number of air bubbles. Moreover, when I endeavour to subculture from the meagre cultures of anaerobes grown under such conditions of maximum exposure to air, I am practically always unsuccessful. But all these considerations do not avail to obscure the fact that we are required to abandon the traditionary view that the growth of anaerobes pivots upon the presence or absence of oxygen. And after taking cognizance of these cultures in open tubes we are intellectually impoverished to the extent that we see that the doctrine of anaerobiotic growth which, as we thought, held unrestrictedly,.holds true only with limitations.
Intellectual impoverishment is, however, impetus to research. And now that the presence or absence of oxygen turns out not to be the factor which controls the growth of the bacillus of Welch, we are stimulated to try to find out what is the controlling factor, or rather what are the controlling factors. For-it being in the order of nature that things should never be too easy-there are bound to be many controlling factors. I and my fellow workers, Major Georges Dreyer at Boulogne and Dr. Alexander Fleming at St. Mary's, have consequently set our--selves to search for these controlling factors. In each case we set out to look for mechanical factors which might favour or hinder the growth of the bacillus of Welch.
The first question to which investigation was directed was the *question as to what would be the effect in the one case of dispersing the implanted microbes through the culture medium, and in the other case of concentrating the infection in some one region of the culture medium.
Seventeen years ago, in a study' of the distribution of agglutinins and bactericidal substances in the body in cases of typhoid and Malta fever, I had already called attention to the circumstance that .microbes which would, if carried into the blood stream, have been killed or impeded in their growth by the bacteriotropic powers of the blood, succeeded in maintaining themselves alive in the internal organs, collected together in what I called " niduses of lowered bacteriotropic pressure i.e., in rekions where, because collected together, they can by active and passive chemical force maintain conditions propitious to their survival. In view of this analogy, and in view also of the circumstance that for the successful starting of a culture of the bacillus of Welch a large implantation is usually required, it appeared not unreasonable to inquire from experiment whether concentration of the infection comes into account also in connexion with growth upon artificial media.
The experiments were in each case carried out with measured volumes of gl-ucose broth implanted with graduated additions of a suspension of Welch's bacillus, and cultivated ana6robically in capsules of glass tubing or capillary pipettes. In each case duplicate volumes were taken, and the one tube was cultivated lying flat, and the other in the upright position-the microbes in this latter being concentrated at the bottom either by gravitation or centrifugalization. In every series of such experiments-and, in all, eight were performed-the advantage from the point of view of successful cultivation of the microbe was with the series of tubes that were incubated in the upright position. The following may serve as an illustrative experiment.
Experiment 1.
A twenty-four hours' culture of the bacillus of Welch, grown upon serum agar' in an atmosphere of coal-gas sealed up in a test-tube drawn out in the blow-pipe flarne, was suspended in a convenient quantity of glucose broth. This suspension, enumerated in a Thoma-Zeiss cell, was found to contain 220,000,000 microbes (the actual figure arrived at was 217,600,000). From this a graduated series of dilutions were made in glucose broth. Two 20 c.mm. volumes of each dilution were then taken up into graduated capillary pipettes and anaerobic conditions were provided by driving the column of fluid down to Serum or blood agar-i.e., agar which has been flushed with, a very minute quantity (10 c.mm. is enough) of blood or serum-furnishes, in my experience, a very much more satisfactory culture medium for the bacillus of Welch than ordinary agar. Not only does it give a more abundant culture but we obtain a much larger proportion (in the present experiment 100 per cent.) of living microbes. That ordinary agar provides in many instances a comparatively unfavourable culture medium would seem to be deducible also from Miss Robertson's careful work. For her result-the result that colonies of the bacillus of Welch contain, even after repeated platings, an admixture of other anaerobic microbes-would seem to me to indicate that her medium grew the bacillus of Welch very badly in pure culture and satisfactorily only when admixed with other anaerobes whichfunctioned as foster nurses. the throttled distal end of the tube and then sealing up the proximal end filled with coal-gas.'
The cultural results are here set out in tabular form. EXPERIMENT An effect essentially similar to that produced by collecting the infection into a restricted region of the cultural fluid ought, as reflection will show, to be achievable also by dividing up the culture medium by a series of partitions. For the chemical effort which the microbes will have to put forth for the transformation of the provided culture medium into a really propitious medium will, when that is divided up, be concentrated upon a fraction of the whole.
The experiment, conducted in duplicate, set out in the table below, seems to indicate that this does hold good. Wright: Growth of the Bacillus of "Gas Gangrene" Other and more interesting experiments falling entirely into line with those which have been in question above are the experiments devised and carried out by Dr. Alexander Fleming. You have these cultural experiments in open tubes displayed for view here. We have, first, a culture of the bacillus of Welch obtained by introducing a pledget of asbestos into glucose broth left open to the air; secondly, a culture obtained under the same conditions with a pledget of cottonwool; thirdly, a culture obtained by the addition of platinum black;
fourthly, one obtained with a rust-covered nail; and fifthly, a culture obtained by introducing into the open bouillon a hair-fine capillary glass tube filled in with a minute quantum of a diluted culture. When we take cognizance of all these-and you see we have here in each case a turbid and vigorous gas-producing culture-and when we bring what we see here into relation with the fact that we obtain cultures also in open tubes containing potato, carrot, white haricot beans, bread, cabbage, cheese, earth, desiccated and ground-up albumen, and other additions, it comes home to us that the common factor here must almost certainly be a mechanical factor. And that mechanical factor would appear to be the providing of some hole or cranny to serve as a nidus in which the microbe can, by concentrating its chemical effort upon a fractional portion of the provided culture medium, get a start. Again, when we look beyond these test-tube experiments to clinical facts we see that the supervention of gangrene is very frequently correlated with the leaving behind in the wound of infected portions of clothing; in other words, the self-same mechanical factor which is operative in the test-tube experiment would seem to come into account also in the body.
(II) CONDITIONS WHICH GOVERN THE GROWTH OF THE BACILLUS OF WELCH IN THE BLOOD FLUIDS. (a) Bactericidal Factor. In the matter of the culture of the bacillus of Welch in the bloodfluids the factor Which more than any other factor comes into account is-and this was shown by Captain d'Este Emery when he was my fellow worker at Boulogne-the bactericidal action of the serum. The following experiment shows how considerable is this restraininig and bactericidal action of the normal serum. It brings out also the fact that the implanted microbes have a better chance of surviving and establishing themselves when collected together than when dispersed through the blood fluids.
Expeeriment 3.
This experiment was a companion experiment to Experiment 1 (see p. 5), and is to be read in connexion with it. The same bacterial suspension was employed, and the procedure was the same, except in the respect that the dilutions were made in the author's serum instead of in glucose brotlh. We see here (computing from the figures for the tubes lying flati.e., the tube in which the microbes were dispersed through the culture medium)-that 1 c.c. of normal serum was capable of disposing of an implantation of 4,000,000 (80,000 X 50) gas gangrene bacilli, all of which bacilli were (as the control experiment, Experiment 1, shows) living bacilli.
(b) Mlechanical Factor.
Also we can see here that advantage accrues to the blood fluids when the microbes are dispersed and cannot co-operate, and disadvantage when the microbes are collected together and afforded an opportunity of making a-combined attack. The influence of this factor of dispersing or concentrating the infection comes out more clearly when we make similar implantations into duplicate volumes of serum; centrifuge the tube containing the one portion and incubate it upright, and leave the other tube uncentrifuged and incubate it lying flat.
In the following experiments the cultures were made anaerobically by the "gas-piston" method. The implantations in Experiments 4 and 5 were made by the " method of washes "-i.e., they were made by filling into the pipette a unit volume of serum, then filling in a unit volume of the microbic suspension or a dilution of this suspension, expelling this, and incorporating the microbes left behind into the unit volumne of serum. In Experiment 6 graduated dilutions of the bacterial suspension were made in serum. It comes out, as you will see, quite clearly in these experiments that the doctrine of the " non-bacteriotropic nidus "-which I suggested to explain the survival of microbes in an organism which has in its blood stream an ample provision of protective substances-is a doctrine which applies also to cultivations in serum conducted in vitro. And the full details of the experiments, if there were room to give them here, would bring out that the more rapidly the concentration of the implanted microbes is effected, and the shorter the preliminary exposure to the full bactericidal action of the serum, and again the less bactericidally potent the serum, the greater becomes the chance that an implanted microbe will get a start and go on from that to produce a generalized infection.
Up to this point the problem of the conditions which govern the growth of the bacillus of Welch in the blood fluids has been treated as if practically all that was of moment was to withdraw by mechanical methods the implanted microbes from full exposure to bactericidal power of blood fluids. But even here the factor which is in ultimate analysis the operative factor is, of course, the chemical factor. What comes into account is, on the one hand, the diminished mass effect exerted by the bacteriotropic action of the serum upon the microbes; and, on the other hand, the increased mass effect exerted by the products elaborated by the chemical activity of the microbes upon the phylactic elements of the blood fluids.
When the bacillus of Welch grows freely in serum it reduces the antitryptic power of the medium and it elaborates acid. Concurrently, as it would seem with this, the microbe starts to grow with phenomenal rapidity after the manner of an avalanche gathering force as it goes. Our next task must be to inquire whether there is any cauEal rel,tjon between the reduction of antitryptic power and the precipitate progression of the culture. The question as to what it is that converts the pus of neglected wounds into an ideally propitious culture medium for the gangrene bacillus and every other species of microbe presented itself very early in the course of this war. To that question I proposed an answer, and I think with every day it has become clearer that it was the right answer. That answer was to the effect that what stands in the way of free growth of all micro-organisms in the blood fluids is the antitryptic power. We have to suppose in connexion with this that the antitryptic power inhibits the digestive processes which must precede the conversion of the native albumins of the blood into congenial pabulum for microbes. It therefore seemed to follow that if trypsin were directly added to the blood fluids, or else if trypsin were indirectly added, and this is what occurs in stagnant pus through the disintegration of the leucocytes, we should have a corruption of the discharges-i.e., a disintegrative change which would allow every manner of microbe to cultivate itself therein without restraint. In brief, what I suggested was that the antitryptic power is the guardian of the blood. In connexion with this I would point to the experiments of my fellow workers, Captains S. R. Douglas and L. Colebrook. They have shown' that haemocultures, otherwise so frequently infertile, can very often be rendered fertile by the addition of trypsin to the culture medium. And the following experiments, conducted with the bacillus of Welch, show exactly the same thing. Experiment 7. A twenty-four hours' culture of the bacillus of Welch, grown upon agar flushed with serum, was suspended in a convenient quantum of glucose broth.. This was found to contain 350 millions of bacilli per cubic centimetre.. Graduated dilutions of the suspension were then made in a serum (A. E. W.'s) which neutralized an equal bulk of a twenty-five fold dilution of trypsin.. Another precisely similar series of dilutions was made in another sample of the same serum to which had been added one-twenty-fifth of its bulk of the same sterile trypsin undiluted. Six 20 c.mm. volumes of each successive dilution of either serum were then taken up into calibrated capillary pipettes. for anaerobic cultivation. The cultural results as determined by microscopic. examination were as set out below. We see here that for the infection of 20 c.mm. of trypsinized serum there were required fifty times fewer microbes (33,600 as contrasted with 1,700,000) than for the infection of the same quantity of unaltered serum. Experiment 8.
Here in the one set of tubes a wash of trypsin of the bacillus of Welch was added to serum, followed by a wash, or fraction of a wash; in the control tubes larger quanta of microbial culture were implanted. 
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Here again the same technique was employed except in the respect that the trypsinized serum was prepared by adding 1 unit volume of trypsin respectively to 9, 19, and 39 unit volumes of serum. The serum was A. E. W.'s serum, which neutralized an equal volume of a twenty-five-fold dilution of trypsin.
The cultural results were as set out below. To this experiment may be added the following which brings out that there is a general but not a perfect correlation between the antitryptic power of the serum and its power of resisting infection by the bacillus of Welch. in the Blood Fluids is promtoted by the addition of Acid. When we note that the bacillus of Welch when growing freely in serum turns it acid; and reflect upon the fact that all serum cultures of the microbe, whether in vitr-o or in the living body, begin with difficulty, and then, after reaching a certain critical point, progress avalanche fashion, we inevitably, as in regard to the reduction of the antitryptic power of the seruin, ask ourselves whether the characteristic avalanche-like acceleration of growth may not be a direct result of this particular change in the miedium.
The answer is given in the following experiments.
Experiment 12.
Seven unit volumes of serum were neutralized by the addition of two unit volumes of a N/10 sulphuric acid-the control sample of serum being diluted to the same extent with physiological saline solution. This done, the antitryptic power of. the two samples of serum was measured. It worked out in each case as three (approximately)-i.e., a unit volume of each of the sera neutralized a forty-fold and failed to neutralize a thirty-fold dilution of the trypsin. These preliminaries completed, the resistance of the two sera to infection by the bacillus of Welch was investigated by aspirating into a capillary pipette a unit volume of a thick bacterial suspension, and following up in each case (I call this the after-wash method) by a series of unit volumes of serum. These successive after-washes were divided off by bubbles of coal-gas introduced by the technique already explained (vide footnote, p. 7). The results after twenty-four hours' culture were as shown in the table below. As in the last experiment, 7 unit volumes of serum were mixed in the one case with 2 unit volumes of N/10 sulphuric acid, and in the other with 2 unit volumes of physiological salt solution. The sera were then put away for twenty-four hours. The antitryptic power of each sample of serum was then tested. It worked out, in the case of the nteuttrcalized serum, as less than 3 3 units and greater than 2 5 units, in the case of the correspondingly control sample of sernnml7as less than 4 units and greater than 3'3 units. Graduated dilutions of a suspension of Welch's bacillus were then made upon slides by the wash-volume (w) method-i.e., in each case a wash of -bacterial suspension or implanted serum was carried over into a unit volume of serum to make the next dilution in series. An unmeasured sample of acid dilution was then drawn up into the stem of a capillary pipette, the successive volumes being. separated by bubbles of coal-gas. The experiment was carried out in duplicate in the case of each serum. The cultural results were as follows:- Normal serum was neutralized by the addition of N/10 sulphuric acid and then mixed with one-ninth of its bulk of a five-fold dilution of trypsin. The control sample of serum was diluted to the same extent with 085 per cent. NaCl solution. Both specimens were then implanted with a suspension of the bacillus of Welch by the after-wash method.
Cuiltural results

After-waslh
Cultural results
After-wasli This series of experiments makes it, as it seems to me, quite indubitable that additions of acid convert the serum into an eminently favourable medium for the bacillus of Welch, and it is clear from the data set forth in connexion with Experiments 12 and 13 that this effect is obtained quite apart from any reduction of the antitryptic power. We have seen that the converse of this last also holds true, the reduction of antitryptic power, quite apart from any addition of acid, converts the serum into a very favourable culture medium for the micro-organism. And I think there can be no question that when these two factors cooperate we have a combination which adequately accounts for the avalanche phenomenon, which is the outstanding feature in the biology of the bacillus of Welch, both when it grows in the blood fluids in vitro, when it grows in the dead body, and when in the living body it invades the tissues, giving rise to spreading " gas-gangrene." We have next to study the growth of the bacillus of Welch in the dead body.
(III) CONDITIONS WHICH GOVERN THE GROWTH OF THE BACILLUS OF WELCH IN THE DEAD BODY. Already in Welch's very first publication upon the Bacillus aerogenes capsulatus-the microbe which now bears his name-it is put upon record that if a culture is introduced into the blood-stream of a rabbit, and the animal is then killed and put into the incubator, the whole organism will be rapidly invaded. Gas is generated in the blood; the condition known as "foaming liver" is produced; and the peritoneal cavity is, after six or more hours, blown up with gas. As soon as we set ourselves to think out what all this imports, we see that it must mean that the chemical changes occurring in the blood and F-2 liver after death transform the blood fluids into an eminently favourable medium for the cultivation of the bacillus of Welch.
The following experiments show that this inference is correct. Experiment 16. Rabbit No. 1.-The animal, injected intravenously with 3 c.c. of a broth culture of the bacillus of Welch, was killed five minutes after, and was then placed in the incubator. A sample of blood was taken before and a series of samples after injection. In each case film preparations were made and examined, and measurements of the antitryptic power and of the blood alkalinity were undertaken. These are recorded in tabular form below. In regard to the film preparations, it will suffice to say that no microbes were microscopically discoverable in any but the last specimen; here they were numerous. After six hours the animal was blown up with gas and the liver was foaming. 
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. Acid * Here and elsewhere in this paper the alkalinity of the blood was measured by the method described in the author's "Technique of the Teat and the Capillary Glass Tube" (Constable, London).
We have here evidence that-presumably as a result of a destruction of leucocytes-the antitryptic power of the blood is progressively reduced; and that-no doubt as a consequence of lactic acid production in the muscles-the blood fluids lose their alkalinity and finally become acid. One can hardly doubt that it is these changes which favour the growth of Welch's bacillus in the dead rabbit. That the anaerobic conditions do not here play any decisive role will appear in connexion with Experiments 19 and 20. Experiment 17. Rabbit No. 2.-The rabbit was injected intravenously with 1 c.c. of an aerobically grown potato-broth culture, and was killed immediately after. As in the last case, film preparations of the blood were examined and measure-ments of the antitryptic power and alkalinity carried out. In films made three and a half hours after death hardly any microbes could be detected. In preparations made four and three-quarter hours after death they numbered 6-8 to the microscopic field. At the end of six hours the animal was blown up with gas, and the liver was honeycombed with small cavities containing a foaming and tryptic fluid. 
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Acid Experiment 18.
Rabbit No. 3.-This received intravenously 1 c.c. of a culture of the bacillus of Welch grown aerobically in potato broth, and the animal was killed fifteen minutes after the injection and placed in the incubator. Samples of blood were taken and examined as in the previous experiments. A single microbe was found in the blood film made two hours after death. The liver seven hours after death was torn to pieces by gas and looked, except for the fact that its colour was a dark brown red, like a mass of coral as obtained from the swimmerets of a hen-lobster; films prepared from it showed an almost solid mass of microbes. The results of the measurements of antitryptic power and blood reaction are subjoined. ,,-6 * Measured after serum had been neutralized with washes of N/10 NaOH.
Measurements of antitryptic power and chemical reaction of the serum
Rabbit No. 4.-A smple of blood was taken from this animal, and it was then killed and placed in the incubator, without receiving any injection. The second samples of blood were taken three hours after death respectively from the S.V.C. and from the I.V.C. and hepatic vein. Sample 3 was taken from the heart five hours after death. The results of the measurements of antitryptic power, blood reaction, and phylactic (infection resisting) power are subjoined. .. _ -Growth Growth Growth Growth Growth Growth and gas and gas and gas and gas and gas and gas ,, 2B ... -Growth Growth Growth Growth Growth Growth and gas and gas and gas and gas and gas and gas * Determined after serum had been neutralized by washes of N110 NaOH.
It is evident from the results set out here that the blood changes which convert the blood fluids after death into an eminently favourable culture medium for the bacillus of Welch are chemical changes which occur spontaneously, and quite independently of the inoculation of that bacillus. Furthermorie, when we consider that the cultures, the results of which are set out above, were in the case of all three samples of serum made anaerobically, we recognize that the rapid pullulation of the microbe in the dead body cannot be attributable to the anaerobic conditions prevailing there. Experiment 20.
Hiere a sample of blood was taken from a cat and the animal was then immediately killed and placed in the incubator. Sample 2 was taken from the heart three hours after; Sample 3 six hours after. As in the last case, the antitryptic power, the blood reaction, and infection-resisting power of these samples were measured. It will be seen that except for the fact that the antitryptic power is maintained unaltered the results are precisely the same as those obtained in the rabbit. Rabbit No. 5.-This was a companion rabbit to Rabbit 3 (Experiment 18), and it was inoculated intravenously with 1 c.c. of the same potato broth culture as was there employed. A comparison of the figures given below with those given in connexion with Experiment 18 shows up to the nineteen hours after the injection profound differences between the two. Here the alkalinity of the blood remains practically unaffected and the antitryptic power sinks away only very slowly. Thereupon, apparently quite suddenly, the rabbit became collapsed and the circulation flagged so much that blood was unobtainable from the ears (these were stone, cold) and had to be drawn off from the femoral artery. Respiration was 80 to 100 in the minute, and the clinical picture corresponded to that of the classical " acid rabbit " of Walther and Stadelmann-i.e., to the clinical picture seen when a rabbit is overdosed with hydrochloric acid. Owing to the difficulty of procuring sufficient rabbits only two more experiments of this kind were made. So far as the first hours of observation are concerned, both of these results are similar to those obtained in Experiment 21; but neither of them gave any evidence in corroboration of the view that death in infection by the bacillus of Welch is ushered in by an acideemia. This, however, may be discounted, for the animal in each case died unexpectedly in the night. The data relating to one of the two rabbits-a rabbit that was found dead eighteen hours after the intravenous injection of a small quantum of culture-are given below. We pass now from the consideration of rapidly fatal intravenous inoculations, to which there is no obvious immunizing response, to study the effects of subcutaneous inoculations in the case of animals who for, the most part respond and survive.
(b) Experiments in which the Bacillus of Welch was Inoculated
Subcutaneously into Guinea-pigs and White Rats. Here also observations were made upon the antitryptic power and the alkalinity of the serum from the circulating blood. In addition-for it was possible to do this until such time as the local effusion was either absorbed or broke through the skin and was lost-determinations were made also of the antitryptic power and alkalinity prevailing at the seat of the inoculation. In each case the results are set out in the form of charts. Upon these the unbroken line is the curve obtained from the circulating blood; the interrupted line the curve from the cedema fluid. And in each case the scale is a scale of reciprocals-i.e., the figures are the quotients obtained by taking the dilution of the reagent which neutralized the effect of an equivalent volume of serum and dividing this into 1,000. Experimentt 23.
Gutinea-pig No. 1.-The animal was inoculated subcutaneously in the leg with 01 c.c. of a twenty-four-hour-old potato-broth culture aerobically grown. Beginning in the leg the effusion gradually spread over the whole of the belly, and finally after three days the skin broke down-the animal afterwards recovering and the wound healing over. The film preparations made from the effusion showed at first very numerous and afterwards only few bacilli. of a twenty-four-hour-old potato-broth culture. The local lesion ran the same course as in the first rat, and the animal, after being very ill for two days, made a perfect recovery. (See Chart V, R 2.) Experiment 28. White Rat No. 3.-The animal was inoculated subcutaneously with threefifths of a twenty-four-hour-old potato-broth culture. There was less effusion than in the case of the first two rats, and by the second day it had been completely absorbed. The animal was never really ill. (See Chart VI, R 3.) It is brought out very clearly in these charts that infection by the bacillus of Welch produces as a rule both a local and a general acidosis, and it will be seen-and, of course, this was to be expected a priorithat we have always a more pronounced acidosis in the local lesion than in the general blood stream. Where, as in Chart III, the acideemia, becomes very pronounced the animal succumbs. And where, as in Chart VI, there is no acidaemia the animal is never seriously ill. Turning to the antitryptic power, we see that in all cases without exception-and when we turn back we can see indications of this also in the rabbit experiments (vide Experiment 21)-the curve which represents the antitryptic power of the blood rises. It rises very steeply where, as in Chart VI, the animal deals triumphantly with its infection;
and'it rises only very little where, as in Chart III, the animal puts up only a very feeble fight. It also holds true of the curve of the antitryptic power of the wdema fluid in Charts I, II, IV, and V, that as the animal begins to recover it rises, following the curve of the blood, and we see in Chart III that the edema fluid may become tryptic in the case where the animal fails to stand up against the infection.
(c) Observations Made on Man. We have now by experiments conducted in vitro, and in the dead, and living animals, collected sufficient data to enable us to construe aright such observations as it may be practicable to make upon men suffering from wounds infected by the bacillus of Welch, or from that spreading tissue infection which is spoken of as "gas gangrene," or again from that sharply characterized toxe3mic condition which is the ultimate outcome of that infection.
A commencement may be made by setting out in tabular form the results of a series of antitryptic measurements made by me on three consecutive days in a Casualty Clearing Station. These results relate to men all recently admitted to hospital with severe and highly infected wounds-cases of manifest " gas gangrene " being here specially excluded. I may further explain that many of the cases which were examined on the first day were examined also on the second, and similarly many of the cases examined on the second were re-examined on the third day. (See Table I .)
It is brought into clear view by the summary that-and I have already on previous occasions emphasized this point-every microbic infection of wounds (and the same probably holds of all microbic infections and inoculations of vaccine) is followed by a rise in the antitryptic power constituting a non-specific immunizing response-that response being greater or less in accordance with the degree of the severity of the infection. Moreover, consideration of the figures for the successive days indicates that as the septic condition develops the antitryptic power gradually increases. I next take from the foregoing table its data relating to the antitryptic power in heavily infected Table III. patients not affected with "gas gangrene," supplement these with data furnished by measurements of their blood alkalinity; and then contrast these with data furnished by measurements of antitryptic power and blood alkalinity carried out on "gas gangrene" patients, adding also for comparison figures which apply to normal men. These data are incorporated in Table II . Scrutiny of this table reveals that with regard to antitryptic power there is absolutely no difference between heavily infected patients not suffering from "gas gangrene" and patients suffering from that infection. When, however, we turn to the column headed "Blood alkalinity," we see that while the blood alkalinity of the heavily infected patient corresponds exactly with the normal, in the "gas gangrene" patient-and, of course, only quite pronounced cases of " gas gangrene " were taken for examination-the blood alkalinity is very clearly reduced. In other words, the figures here brought together bring out the fact that the toxemia of " gas gangrene " is an acidaemia.
In Table III , here concentrating attention on cases of "gas gangrene," I go more into detail and set out a series of measurements of the antitryptic power and alkalinity of the circulating blood in those cases and also measurements of the antitryptic power and alkalinity of lymph obtained from the infected tissues. At the end of the table I add, for purposes of comparison, the details of the examinations made in two cases which might-though, in point of fact, the error was in neither case committed-have been regarded as " gas gangrene " cases. I further include in the table six observations bearing on the treatment of " gas gangrene" acidaemia by the intravenous administration of alkalies. Data furnished by Measurements of the Antitryptic Power and Alkalinity of the Circulating Blood and of the Lymph from the Infected Tissues in Cases of "Gas Gangrene."
Consideration of the data which are set out in Table III makes it, as I think, quite clear that we are, in the so-called " gas gangrene infection" of man, dealing essentially with the same phenomena as in our laboratory experiments. We saw, in in vitro cultures in serum, that the bacillus of Welch diminishes the antitryptic power of the medium and renders it acid; and we saw that the serum is by these means converted into a pre-eminently favourable medium for the growth of the bacillus. In experiments on the blood in the dead body we saw that it is these chemical changes which furnish the conditions required for the avalanche-like progress of the bacterial infection. And, finally, experiments upon living animals showed that we have in infections by the bacillus of Welch-with respect to alkalinity, a reduction in the fluids taken from the focus of infection, and also a reduction in the circulating blood; and-with respect to antitryptic power, in the circulating blood, a marked immunizing response, while we have in the infected tissues a diminished or abolished antitryptic power, especially where the animal is only unsuccessfully combating or succumbing to the infection.
Every one of these points obtrudes itself again upon our notice in the records dealing with human "gas gangrene " which are brought together in Tables II and III . We have there, to begin with, the high antitryptic response in the circulating blood and the reduced or abolished antitryptic power in the infected tissues or infected effusions. We have, in addition, diminished alkalinity in the infected tissues or infected effusions. And we have not only a local acidosis, but we have also an acidwmia. We find that acideemia where the infection has culminated in "gas gangrene toxamia." I mean by "gas gangrene toxmamia" that condition which is ushered in by vomiting and then shows itself in collapse, with rapid respiration, ashy-grey pallor, feeble and then impalpable pulse-the body becoming stone-cold, first the hands and feet, then the whole limbs, finally the nose, ears and forehead, the patient remaining with clear intellect and without suffering to the last.
It may perhaps, pending further investigation, be assumed with respect to this acideemic condition that the acid production proceeds not only in the infected tissues standing in relation with the wound, but also in the liver and other internal organs to which the bacillus of Welch may have been conveyed-general infection being favoured as soon as the alkalinity of the blood begins to be reduced by the influx of lymph charged with acid in the infected tissues.
Considerations of this kind should be present to our minds when we turn to take stock of the results of the therapeutic administration of alkalies in " gas gangrene." As shown by the records, this procedure gave distinctly favourable results only in two cases out of the six. In those two cases, however, the effect was dramatic. Probably in the other cases, as is the case in the acidmmia of diabetes and uraemia, the evolution of acid proceeded uninfluenced.
It must be left for future experimentation to determine whether better results can be obtained by earlier intravenous injection of alkali, or whether the local evolution of gas gangrene could be arrested by the injection into the tissues or, as the case may be, into an infected hwmothorax of alkali or of an alkalinized strongly antitryptic serum, remembering here that a strongly antitryptic serum can practically always be obtained either from the patient himself or from any other heavily infected patient.
In conclusion, I have to express my acknowledgments to my colleague Major Georges Dreyer for generous assistance in plotting out the curves and in some of the experiments; to my fellow worker the late Captain H. H. Tanner for similar assistance. My thanks are also due to Captain Haycraft for help in connexion with the study of cases of gas gangrene, and to my fellow worker Dr. Alexander Fleming for permission to incorporate in this lecture some of the results of his research work.
